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(57) ABSTRACT

A Tuel cell system 1s provided that includes a fuel cell stack,
an air pump, a first convertor, a motor, and an ECU for
controlling the air pump and the first convertor based on the
target voltage and the switching voltage of the single cell. The
ECU executes the first mode such that the actual voltage of the
single cell corresponds to the target voltage, when the target
voltage 1s equal to or less than the switching voltage, while the
ECU executes the second mode such that the actual voltage of
the single cell 1s kept at the switching voltage, when the target
voltage 1s more than the switching voltage. Further, the ECU
executes the second mode thereby to change the actual cur-
rent of the single cell.
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FUEL CELL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the foreign priority benefit under
Title 35, United State Code, 119 (a)-(d) of Japanese Patent
Application No. 2011-047470, filed on Mar. 4, 2011 1n the
Japan Patent Oflice, the disclosure of which 1s herein incor-
porated by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fuel cell system.

2. Description of Related Art

Conventionally, techniques for generating electric power
by a fuel cell stack along with avoiding damage of a catalyst
in a fuel cell have been proposed, through preventing a cell
voltage from coming 1n the range of the oxidation-reduction
proceeding potential of the catalyst. Such techmiques have
been developed as an approach of improving the durability of
a fuel cell stack used 1n a fuel cell vehicle or the like (referred
to Japanese Laid-Open Patent Publication No. 2007-5038).

However, according to Japanese Laid-Open Patent Publi-
cation No. 2007-5038, 1t 1s needed to increase or decrease the
clectric power outputted from the fuel cell stack with respect
to the required electric power demanded by a power consum-
ing load such as a traveling motor or the like, 1n order to set the
cell voltage out of the voltage range with the oxidation-re-
duction potential of the catalyst. In such a case, the excess
clectric power 1s charged 1n a battery (or electricity storage
device), while the electric power in deficiency 1s assisted (or
supplied) by the battery.

Accordingly, the frequency of the charge/discharge pro-
cesses becomes too many 1n order to continuously prevent the
cell voltage from being set imto the range with the oxidation-
reduction potential of the catalyst. As mentioned above, the
too many frequencies of the charge/discharge processes of the
battery cause electric energy loss associated with the charge/
discharge processes, resulting in the decrease 1n the vehicle
eificiency ({or example, undesirably large fuel expenses).

SUMMARY OF THE INVENTION

The present invention 1s accomplished 1n view of the fore-
going drawbacks. An object of the present mvention 1s to
provide a fuel cell system for having the fuel cell generate
clectric power corresponding to a requirement of a power
consuming load, along with improving the durability of the
tuel cell.

In order to solve the atforementioned drawbacks, a fuel cell
system of the present invention comprises: a fuel cell having
a catalyst so as to generate electric power via promoting the
reaction ol oxygen or hydrogen by using the catalyst; a gas
supply unit for supplying at least either of oxygen and hydro-
gen to the fuel cell; a coolant supply unit for supplying a
coolant to the fuel cell; a voltage control unit for controlling
a voltage outputted from the fuel cell; a power consuming
load driven by the electric power outputted from the fuel cell;
a control unit for controlling the gas supply unit, the coolant
supply unit and the voltage control unait.

Herein, the control unit controls the gas supply unit such
that at least either of the concentrations of the above men-
tioned oxygen and hydrogen supplied to the fuel cell corre-
sponds to the required electric power demanded by the power
consuming load, with keeping the state that the actual voltage
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ol the tuel cell 1s set to the predetermined voltage that 1s out of
the voltage range for promoting the oxidation-reduction reac-
tion of the catalyst through controlling the voltage control
unmt. Simultaneously, the control unit supplies the coolant
into the fuel cell using the coolant supply unit.

Here, the fuel cell has characteristics that the larger the
outputted actual current increases, the smaller the outputted
actual voltage decreases, in accordance with the IV charac-
teristics of the tuel cell (see the IV curve 1 FIG. 15).

Further, when the required electric power demanded by the
power consuming load increases, the actual current is gener-
ally to be increased so as to increase the actual electric power
outputted from the fuel cell. Hereby, when the actual voltage
1s small and the actual current 1s large (that 1s, 1n the case that
the target voltage 1s equal to or less than the switching volt-
age), the fuel cell corresponds to a high power consuming
load that the required electric power 1s large. In contrast, when
the actual voltage 1s large and the actual current 1s small (that
1s, 1n the case that the target voltage 1s more than the switching
voltage), the fuel cell corresponds to a small power consum-
ing load that the required electric power 1s low.

The above mentioned construction allows the actual volt-
age of the fuel cell to be set at the predetermined voltage that
1s out of the voltage range promoting the oxidation-reduction
reaction of the catalyst through controlling the voltage con-
trol unit by the control unit. Herein, the predetermined volt-
age 1s set out of the voltage range for promoting the oxidation-
reduction reaction of the catalyst, allowing the actual voltage
to be kept at the predetermined voltage. This prevents the
oxidation reaction and the reduction reaction of the catalyst
from being frequently repeated, which may suppress the elu-
tion or the like of the catalyst thereby to prevent the deterio-
ration of the fuel cell. Accordingly, the durability of the fuel
cell may be improved.

Further, the control unit controls the gas supply unit so that
at least either of the oxygen and hydrogen concentrations
supplied to the fuel cell corresponds to the required electric
power demanded by the power consuming load. Herein, by
changing at least either of the oxygen and hydrogen concen-
trations, the IV characteristics of the fuel cell also changes. As
mentioned above, the change 1n at least either of the concen-
trations of oxygen and hydrogen supplied to the fuel cell,
conducted in order to correspond to the required electric
power demanded by the power consuming load, allows the
actual current of the fuel cell to be also changed, whereby the
actual electric power outputted from the fuel cell corresponds
to the required electric power.

As mentioned hereinbefore, the fuel cell generates the elec-
tric power 1n just proportions corresponding to the required
clectric power demanded by the power consuming load,
which may prevent the generation of shortage power and
excess power, the necessity of charge/discharge processes of
an electricity storage device, and the generation of an energy
loss such as a thermal loss caused following the charge/
discharge process. Accordingly, the efficiency such as an
energy balance of the fuel cell system may be improved.

Furthermore, as mentioned above, the control unit fixes the
actual voltage of the fuel cell at the predetermined voltage,
and supplies a coolant to the fuel cell using the coolant supply
unit, along with modifying at least either of the oxygen and
hydrogen concentrations. This allows the temperature of the
tuel cell to be appropriately kept.

Further, 1n the fuel cell system, the control unit controls the
gas supply unit and the voltage control unit based on the target
voltage of the fuel cell, calculated by the required electric
power and the switching voltage which 1s not more than the
voltage for promoting the oxidation-reduction reaction of the
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catalyst. Herein, when the target voltage 1s not more than the
switching voltage, the control unit executes a first mode for
controlling the voltage control unit so that the actual voltage
of the fuel cell corresponds to the target voltage.

In contrast, when the target voltage 1s more than the switch-
ing voltage, the control unit preferably executes a second
mode for having the actual voltage outputted from the fuel
cell correspond to the required electric power, by controlling
the voltage control unit such that the actual voltage of the fuel
cell 1s fixed at the switching voltage, together with, by chang-
ing the IV characteristics of the fuel cell through controlling
the gas supply unit to modity at least either of the oxygen and
hydrogen concentrations thereby to change the actual current
of the fuel cell.

Note preferably the switching voltage 1s set at not more
than the voltage for promoting the oxidation-reduction reac-
tion of the catalyst, and not less than the aforementioned
predetermined voltage. Further, an embodiment described
hereinafter will explain an example that the switching voltage
1s equal to the predetermined voltage.

According to above mentioned construction, the control
unit executes the first mode for controlling the voltage control
unit so as to have the actual voltage of the fuel cell correspond
to the target voltage, when the target voltage 1s equal to or less
than the switching voltage (or in the case of a high power
consuming load). In other words, the control unit executes the
first mode comprising the steps of: supplying at least either of
oxygen and hydrogen 1n just proportions using the gas supply
unit, having the actual voltage of the fuel cell correspond to
the target voltage using the voltage control unit, and changing
the actual voltage of the fuel cell 1n accordance with the IV
characteristics of the fuel cell under the gas supplying condi-
tions. For example, when the actual voltage 1s made smaller,
the actual current becomes larger.

As mentioned hereinbefore, by having the actual voltage
correspond to the target voltage, the actual current also
changes, whereby the actual electric power outputted from
the fuel cell may correspond to the required electric power
demanded by the power consuming load. That 1s, the power
generation of the fuel cell 1n just proportions corresponding to
the required electric power demanded by the power consum-
ing load, allows no shortage power or excess power to be
generated, no charge/discharge of the electricity storage
device to be necessary, and no energy loss such as a thermal
loss corresponding to the charge/discharge process to be
caused. Therefore, the efliciency of the fuel cell system (or
energy balance) may be improved.

In contrast, when the target voltage 1s more than the switch-
ing voltage (or 1n the case of low power consuming load), the
control unit executes the second mode.

For example, the control unit controls the voltage control
unit, thereby to fix the actual voltage of the fuel cell at the
switching voltage (in an embodiment described hereinafter,
the voltage 1s 0.8V). Herein, the switching voltage 1s equal to
or less than the voltage range for promoting the oxidation-
reduction reaction of the catalyst. Thus, the fixing (or keep-
ing) of the actual voltage at the switching voltage, prevents
the frequently repeated oxidation reaction and reduction reac-
tion of the catalyst 1n the same period. This allows the elution
or the like of the catalystto be suppressed, which results 1n the
prevention ol deteriorating the fuel cell. Accordingly, the
durability of the fuel cell may be improved.

Together with this, the control unmit controls the gas supply
unit to modity at least either of the reaction gas concentrations
(or oxygen and hydrogen concentrations), thereby to change
the IV characteristics of the fuel cell, which allows the accu-
rate current of the fuel cell to be changed. Hereby, this may
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4

have the accurate electric power outputted from the fuel cell
correspond to the required electric power.

As mentioned above, the fuel cell generates electric power
in just proportions by corresponding to the required electric
power demanded by the power consuming load. This enables
no shortage and excess power to be generated, no charge/
discharge of an electricity storage device to be necessary, and
no energy loss (or no thermal loss) following the charge/
discharge process to be caused. Therefore, the efliciency of
the fuel cell system (or energy balance) may be improved.

Moreover, preferably the switching voltage 1s set based on
the IV property of the fuel cell which normally generates
clectric power such that abundant amounts of the reaction
gases circulate 1n the fuel cell system.

The above mentioned construction allows the output (or
actual electric power) of the fuel cell 1n the first mode (or 1n
the case of a high power consuming load) to be well main-
tamned. Further, the change in the supply amounts of the
reaction gases 1n the second mode (or in the case of a low
power consuming load) may be kept in the lowest limits.

Furthermore, the fuel cell system preferably comprises an
clectricity storage unit for storing the electric power gener-
ated by the fuel cell.

The above mentioned construction allows the electricity
storage unit to charge the excess electric power and to supply
the electric power to a device 1n shortage of the power, even
though response delay (or control delay) occurs 1n the system
to cause a state of the excess/shortage electric power 1n the
fuel cell.

Further, 1n the fuel cell system, preferably the control unit
calculates the required electric power based on the stored
volume 1n the electricity storage unit such that the electricity
storage unit stores the target storage volume.

The above mentioned construction allows the control unit
to calculate required electric power based on the stored vol-
ume 1n the electricity storage unit such that the electricity
storage unit stores the target storage volume (for example, 1n
an embodiment described heremnatter; SOC=50%).

This enables the fuel cell to generate the electric power as
the actual electric power (or actual voltage and actual cur-
rent), taking the target storage volume 1n the electricity stor-
age unit into account. Accordingly, the electricity storage unit
may charge/discharge so as to store the target storage volume,
allowing the storage volume in the electricity storage unit to
be preferably maintained.

Further, 1n the fuel cell system, preferably the control unit
fixes the actual voltage of the fuel cell at the predetermined
voltage. Together with this, preferably the control unit con-
trols the coolant supply unit such that the supply amount of
the coolant into the fuel cell corresponds to the required
clectric power while the control unit is having at least either of
the reaction gas concentrations correspond to the required
clectric power demanded by the power consuming load.

The above mentioned construction enables the control unit
to f1x the actual voltage of the fuel cell at the predetermined
voltage, and to control the coolant supply unit such that the
supply amount of the coolant to the fuel cell corresponds to
the required electric power while the control unit 1s having at
least either of the reaction gas concentrations correspond to
the required electric power demanded by the power consum-
ing load. This allows the temperature of the fuel cell to be kept
in an eflicient and appropriate manner.

Moreover, preferably the fuel cell system further com-
prises a power generation stability judgment unit that judges
whether or not the fuel cell stably generates the electric
power. Herein, 1f the power generation stability judgment unit
judges that the fuel cell does not stably generate the electric
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power, preferably the control unit may control the gas supply
unit so as to increase at least either of the reaction gas con-
centrations.

In the above mentioned construction, 1f the power genera-
tion stability judgment unit judges that the fuel cell does not
stably generate the electric power, the control unit controls
the gas supply unit so as to increase at least either of the
reaction gas concentrations. Thus, the increase in at least
either of the reaction gas concentrations may facilitate the
tuel cell to stably generate the electric power.

Moreover, the fuel cell system further comprises a junction
passage that joins at least either of the off-gases discharged
from the fuel cell to at least either of the reaction gases
flowing toward the fuel cell. The gas supply umt further
comprises an olf-gas flow rate control umt that 1s provided
with the junction passage so as to control the flow rate of the
off-gas to be joined. Herein, 11 the power generation stability
judgment unmit judges that the fuel cell does not stably gener-
ate the electric power, preferably the off-gas flow rate control
unit may increase the flow rate of the off-gas.

Here, 11 at least either of the off-gases contains hydrogen,
the junction passage joins the hydrogen off-gas discharged
from the fuel cell (in an embodiment described heremaftter,
referred to an anode off-gas) to hydrogen flowing toward the
tuel cell.

In contrast, 1f at least either of the off-gases contains oxy-
gen, the control unit joins the oxygen off-gas discharged from
the fuel cell (in an embodiment described hereinaftter,
referred to a cathode off-gas) to oxygen tlowing toward the
tuel cell.

According to the above mentioned construction, 1f the
power generation stability judgment unit judges that the fuel
cell does not stably generate the electric power, the off-gas
flow rate control unit increases the flow rate of the off-gas.
This makes a volume tlow rate of a mixed gas (that 1s, a mixed
gas composed of at least either of oxygen and hydrogen, and
cither of the off-gases) flowing toward the tuel cell increase,
thereby to disperse at least either of oxygen and hydrogen in
the mixed gas. This facilitates the mixed gas, in which at least
either of oxygen and hydrogen 1s dispersed to increase the
volume flow rate thereot, to be supplied to the whole fuel cell,
leading to the ellicient result that the fuel cell recovers the
power generation stability.

Here, as mentioned hereinafter, particularly if the fuel cell
1s a Tuel cell stack formed by stacking a plurality of the single
cells and configured to supply oxygen/hydrogen to each
single cell 1n parallel, the supply of the mixed gas of which
volume flow rate 1s increased, facilitates oxygen/hydrogen to
be uniformly supplied to every single cell, resulting 1n the
stable power generation by the fuel cell stack.

Further, 1n the fuel cell system, 11 the power generation
stability judgment unit judges that the fuel cell does not stably
generate the electric power, preferably the off-gas tlow rate
control unit increases the flow rate of the off-gas, and subse-
quently the control unit controls the gas supply unit so as to
increase at least either of the concentrations of the fresh
reaction gases introduced from the outside.

In above mentioned construction, 11 the power generation
stability judgment unit judges that the fuel cell does not stably
generate the electric power, the off-gas tlow rate control unit
increases the flow rate of the off-gas, and subsequently the
control unit controls the gas supply unit such that at least
either of the concentrations of the fresh reaction gases 1ntro-
duced from the outside 1s increased. Accordingly, this allows
the volume flow rate of the mixed gas flowing toward the fuel
cell (or mixed gas composed of at least either of oxygen and
hydrogen, and either of the off-gasses) to be increased.
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Hereby, the mixed gas 1s easily supplied to the whole fuel cell,
allowing the stable power generation by the fuel cell to be
elficiently recovered.

Here, 1n the fuel cell system, preferably the gas supply unit
may further comprise an air pump that supplies air containing
oxygen to the fuel cell.

The above mentioned construction allows the air pump to
supply air containing oxygen to the fuel cell.

Here, in the fuel cell system, preferably the gas supply unit
may further comprise a hydrogen pump that supplies hydro-
gen to the fuel cell.

The above mentioned construction allows the hydrogen
pump to supply hydrogen to the fuel cell.

Further, 1n the fuel cell system, preterably the power con-
suming load may include a motor for driving a vehicle, the
motor being equipped with the vehicle.

The above mentioned construction allows the motor for
driving to drive (or make traveling of) the vehicle. Further, as
mentioned hereinbefore, the high durability of the fuel cell
together with the high efficiency of the fuel cell system lead to
the increases in the durability and the efficiency of the
vehicle.

According to the present invention, 1t 1s possible to provide
a fuel cell system having the fuel cell generate electric power
corresponding to a requirement of a power consuming load,
along with increasing the durability of the fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a schematic construction of
the fuel cell system 1n the present embodiment.

FIG. 2 1s a diagram showing a schematic construction of
the electric power control system of the fuel cell system 1n the
present embodiment.

FIG. 3 1s a diagram showing cyclic voltammetry of Pt
(platinum).

FIG. 4 1s a graphic diagram showing the relationship
between the cell potential (or cell voltage) and the deteriora-
tion amount of the single cell.

FIG. 5§ 1s a graphic diagram showing the relationship
between the stoichiometric ratio of oxygen and the cell cur-
rent (or current of the single cell).

FIG. 6 1s a main tlow chart of the fuel cell system 1n the

present embodiment.

FIG. 7 1s a sub-tlow chart of the system load calculation
process S200 shown in FIG. 6.

FIG. 8 1s a sub-tlow chart of the power generation control
process S300 of the energy management/fuel cell stack
shown 1n FIG. 6.

FIG. 9 1s a sub-flow chart of the motor torque control
process S400 shown in FIG. 6.

FIG. 10 1s a mapping diagram showing the relationship
among the rotation number of a motor, the state of the fuel cell
(that 1s, accelerating/decelerating), and the estimated power
consumption by the motor.

FIG. 11 1s a mapping diagram showing the relationship
between an SOC (State Of Charge) of a high voltage battery
and a charge/discharge coellicient.

FIG. 12 1s a mapping diagram showing the relationship
between the target current and the target oxygen concentra-
tion.

FIG. 13 1s a mapping diagram showing the relationship
between the target oxygen concentration (or target current)
and the rotation number (rotation speed) of an air pump (or
coolant pump).
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FIG. 14 1s a mapping diagram showing the relationship
between the target oxygen concentration (or target current)
and the openming of a back-pressure valve.

FIG. 15 1s a mapping diagram showing the relationship

8

Such a groove and a through hole function as an anode pas-
sage 11 (or fuel gas passage) and a cathode passage 12 (or
oxidation gas passage). Further, such an anode passage 11
and a cathode passage 12 branch to a plurality of passages and

between the current of the fuel cell stack (or single cell) and 5 Join together so as to particularly supply hydrogen and air to

the voltage (or cell voltage) of the single cell.

FIG. 16 1s a mapping diagram showing the relationship
between the target current and the air flow rate.

FIG. 17 1s a mapping diagram showing the relationship
between the opening of a circulation valve and the flow rate of
a circulation gas.

FIG. 18 1s a time chart showing an operational example of
the fuel cell system 1n the present embodiment.

FIGS. 19A-19C are diagrams each showing a schematic
construction of the electric power control system of the tuel
cell system 1n a modified example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinaliter, an embodiment of the present imvention will
be described referring to the attached diagrams: FIG. 1 to
FIG. 18.

Construction of Fuel Cell System

A Tfuel cell system 1 of the present embodiment shown 1n
FIG. 1 1s mounted on a fuel cell vehicle (or moving body) not
shown.

The fuel cell system 1 comprises a fuel cell stack 10 (or fuel
cell), a cell voltage monitor 14, an anode system for supply-
ing/discharging hydrogen (or fuel gas) to/from the anode 1n
the fuel cell stack 10, a cathode system for supplying/dis-
charging air containing oxygen (or oxidation gas) to/from the
cathode 1n the fuel cell stack 10, a coolant system for circu-
lating (or distributing) a coolant through the fuel cell stack 10,
an electric power control system for controlling the power
generation of the fuel cell stack 10; the electric power control
system being connected with an output terminal (not shown)
of the tuel cell system 10, and ECU 80 (Electronic Control
Unit) operating as a control unit for electronically controlling
the above mentioned devices and systems.

Herein, the fuel gas and the oxidation gas mentioned above
are not limited to the specific types, and various types thereof
may be applicable.

Fuel Cell Stack

The tuel cell stack 10 1s configured as a stack of laminated
solid polymer type single cells (or fuel cells), formed by
stacking the plurality of the cells (for example, 200 to 600
sheets). The plurality of single cells are connected 1n series.
Herein, a single cell comprises an MEA (Membrane Elec-
trode Assembly), and two sheets of separators having electric
conductivity; the separators putting the MEA therebetween.
The MEA comprises an electrolyte membrane (or solid poly-
mer film) made of a monovalent cation exchange membrane,
an anode and a cathode (electrodes) which put the electrolyte
membrane therebetween.

Each of the anode and the cathode comprises a porous
material having electric conductivity such as carbon paper,
and a catalyst such as Pt and Ru or the like, supported by the
porous material and promoting the electrode reaction 1n the
anode and the cathode.

In each separator, a groove for supplying hydrogen or air to
the whole surface of each MEA and a through hole for sup-
plying/discharging hydrogen or air to/from every single cell.
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the whole surface of every single cell, resulting 1n a formation
of the extremely small cross-sectional area of each passage.

Then, when hydrogen 1s supplied to each anode through the
anode passage 11, the electrode reaction represented by an
equation (1) occurs, while when air 1s supplied to each cath-
ode through the cathode passage 12, the electrode reaction
represented by an equation (2) occurs, whereby a potential
difference (OCV: Open Circuit Voltage) 1s caused 1n each
single cell. Subsequently, the fuel cell stack 10 sets to the
clectrical connection with a power consuming load such as a
motor 51, which 1s described hereinafter. Then, when currents
turn to be extracted from the fuel cell stack 10, the fuel cell
stack 10 starts to generate electric power.

DH,—4H +4e (1)

O, +4H* +4e~— 21,0 (2)

As mentioned above, when the fuel cell stack starts power
generation, moisture (or water vapor) 1s generated on the
cathode, and the humidity of the cathode off-gas discharged
from the cathode passage 12 becomes high.

Further, 1n each separator, a groove and a through hole,
which are used for circulating the coolant to cool each of the
single cells, are formed to function as a coolant passage 13.

Meanwhile, 1n the fuel cell stack 10, the power generation
at a low voltage and at a high voltage 1s repeatedly performed
corresponding to the fluctuation of the required electric power
demanded by the power consuming load such as a motor 51.
Hereby, the oxidation reaction represented by an equation (3)
and the reduction reaction represented by an equation (4)
simultaneously and repeatedly proceed on the catalyst sur-
faces included 1n the anode and the cathode. Accordingly, this
may induce elution of the catalyst and sintering phenomena
(that 1s, agglomeration of the catalyst), resulting in the dete-
rioration of the output performance of the fuel cell stack 10.

Note the equations (3) and (4) show the case that the
catalyst 1s platinum (Pt).

Pt, 2H,0—Pt(OH),+2H*+2¢ (3)

Pt(OH),+2H*+2,~—Pt+21,0 (4)

Next, the case that the catalyst 1s platinum (Pt) will be
explained 1n detail referring to FIGS. 3 and 4.

When abundant amounts of hydrogen and air (or oxygen)
circulate 1n the fuel cell stack 10 to have the fuel cell stack 10
(or single cell) normally start electric power generation and
generate the power based on the usual IV characteristics (see
FIG. 15), 1n the voltage region where the cell potential (or cell
voltage, voltage of single cell) 1s 0.8V or less, the reduction
reaction of the equation (4) mainly proceeds so that a reduc-
tion current mainly circulates.

Herein, the term “an abundant amount of oxygen™ means
the amount of oxygen 1n the region beyond the usual stoichio-
metric ratio as shown 1n FIG. 5, where the cell current (or
current outputted from the single cell) becomes substantially
constant to turn into a saturated state, even though the sto-
ichiometric ratio (or oxygen concentration) 1s made to be
increased. Here, the term “an abundant amount of hydrogen”
means the similar meaning to the above mentioned definition.

In the region where the cell potential 1s in the range from
0.8 to 0.9V, both the oxidation reaction 1n the equation (3) and
the reduction reaction 1n the equation (4) proceed, and hereby
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both oxidation and reduction currents easily circulate. Here, it
should be noted that the present inventors get the following

findings. Namely, if the oxidation reaction 1n the equation (3)
proceeds and simultaneously the reduction reaction in the
equation (4) proceeds, 1n other words, 11 the oxidation reac-
tion and the reduction reaction of platinum which progress
simultaneously are frequently repeated, this results in elution
of platinum thereby to promote the deterioration of the MEA
(namely the degradation amount in FIG. 4 turns to be larger).

In the region where the cell potential 1s 0.9V or more, the
oxidation reaction in the equation (3) mainly proceeds
thereby to generally circulate an oxidation current.

Note the oxidation current and the reduction current shown
as a solid line in FIG. 3, shift as shown by a broken line,
corresponding to the fluctuation speed (or, accelerating/de-
celerating by a fuel cell vehicle) of the cell potential (or cell
voltage). Thus, preferably the oxidation current and the
reduction current may be acquired corresponding to the fluc-
tuation speed (or, accelerating/decelerating by a fuel cell
vehicle) of the cell potential.

In the meantime, the single cell (fuel cell stack 10) has the
IV characteristics (or IV curve) shown i FIG. 15. Herein, the
actual voltage (or cell voltage) becomes gradually smaller, as
the actual current (or cell current) outputted from the single
cell increases.

Accordingly, when the required electric power (or target
clectric power) from the motor 51 or the like becomes smaller,
and the cell voltage becomes larger than 0.8V, both the oxi-
dation reaction 1n the equation (3) and the reduction reaction
in the equation (4) proceed, the oxidation reaction and the
reduction reaction of platinum are frequently repeated in the
same period. This may promote the deterioration of the single
cell (or fuel cell stack 10).

Hereby, in the present embodiment, even if the required
clectric power becomes smaller, the power generation of the
single cell (fuel cell stack 10) 1s made to correspond to the
required electric power (or target electric power) by changing,
the IV characteristics through decreasing (or changing) the
oxygen concentration, along with fixing the cell voltage at
0.8V (or switching voltage, predetermined voltage), thereby
to decrease the actual current outputted from the single cell
(or fuel cell stack 10) (referred to FIG. 15).

Further, the present embodiment 1s directed to the follow-
ing advantageous features: the single cell (or fuel cell stack
10) 1s made to generate electric power 1n just proportions, the
frequency of the charge/discharge processes of the high volt-
age battery 53 described hereinafter 1s made to be fewer, and
the electric energy loss (for example, thermal loss) caused in
association with the charge/discharge process 1s made to be
less.

In other words, the present embodiment shows an example
that the cell voltage 1s set to 0.8V, that 1s, “out of the range of
the oxidation-reduction proceeding voltage (that 1s,
0.8V<reaction proceeding voltage<0.9V) at which voltage
the oxygen and reduction reactions of platinum (Pt) proceed,
and the switching voltage (or predetermined voltage) 1s set to
equal to or smaller than the range of the oxidation-reduction
proceeding voltage.” Note the switching voltage and the pre-
determined voltage are not limited to 0.8V and various volt-
ages may be applied.

Cell Voltage Monitor

Next, returning to FIG. 1, will be subsequently explained
the present embodiment.

A cell voltage monitor 14 (or power generation detecting
unit) 1s a device for detecting the cell voltage per each of a
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plurality of single cells composing the fuel cell stack 10. The
cell voltage monitor 14 comprises a momtor body and a wire
harness connecting the monitor body with each single cell.
The monitor body scans all of the single cells in the predeter-
mined period, detects the cell voltage of each single cell, and
calculates an average cell voltage and a minimum cell volt-
age. Further, the monitor body (or cell voltage monitor 14)
outputs the calculated data of the average cell voltage and the
minimum cell voltage to the ECU 80.

Anode System

An anode system comprises a hydrogen tank 21 (or fuel gas
supply unit, reaction gas supply unit), a regulator 22, an
¢jector 23, and a normal-close type of purge valve 24.

The hydrogen tank 21 1s connected with an inlet of the
anode passage 11 through a pipe 214, the regulator 22, a pipe
22a, the ejector 23, and a pipe 23a. Then, hydrogen 1n the
hydrogen tank 21 1s supplied to the anode passage 11 through
the pipe 21a or the like. Note the pipe 21a 1s equipped with a
normal-close type of shut-off valve (not shown), which the
ECU 80 opens while the fuel stack 10 1s generating electric
pPOWE.

The regulator 22 appropriately controls a hydrogen pres-
sure at the secondary side thereof (or downstream side
thereof). That 1s, the regulator 22 controls a pressure at the
secondary side (or hydrogen pressure at the anode side) so as
to balance the hydrogen pressure with the air pressure at the
cathode side introduced through the pipe 2256 as a pilot pres-
sure. That 1s, the hydrogen pressure at the anode side 1s
interlocked with the air pressure at the cathode side. There-
fore, 11 the rotation number of the air pump 31 1s modified to
change the oxygen concentration as mentioned hereinafter,
the hydrogen pressure at the anode side 1s also changed
together.

The ejector 23 generates a lower pressure by jetting out the
hydrogen through a nozzle, supplied from the hydrogen tank
21. The generated lower pressure sucks the anode off-gas 1n
the pipe 235.

The outlet of the anode passage 11 1s connected to the mnlet
port of the ejector 23 through the pipe 235. The anode ofl-gas
discharged from the anode passage 11 flows toward the ejec-
tor 23 through the pipe 236 thereby to circulate the anode
off-gas (or hydrogen).

Note the anode off-gas contains the hydrogen that has not
been consumed by the electrode reaction in the anode, and the
water vapor. Further, the pipe 235 1s equipped with a gas-
liquid separator (not shown) which separates/collects water
((or condensed water (liquid), water vapor (gas)) included 1n
the anode off-gas.

A halfway portion of the pipe 235 1s connected to a diluter
(not shown) equipped with a pipe 336 described hereinafter
through the pipe 24a, the purge valve 24 and the pipe 245b.
When the power generation of the fuel cell stack 10 1s deter-
mined as unstable, the purge valve 24 1s made to be opened by
the ECU 80 1n the predetermined valve-open period. Herein,
the diluter dilutes the hydrogen included 1n the anode ofi-gas
that flows from the purge valve 24 with the cathode off-gas.

Cathode System

The cathode system comprises the air pump 31 (or com-
pressor, compressing device, reaction gas supply unit), a
humidifier 32, a normal-open type of the back-pressure valve
33 (or reaction gas supply unit), a normal-open type of the
circulation valve 34 (or off-gas flow rate control unit, gas
supply unit), tlow rate sensors 35, 36 and a thermo-sensor 37.
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The inlet port of the air pump 31 communicates with the
outside of a vehicle (or outside) through a pipe 31a. The
discharge port of the air pump 31 1s connected to the nlet of
the cathode passage 12 through a pipe 315, the humidifier 32
and a pipe 32a.

Then, after the air pump 31 starts operation following the
instructions of the ECU 80, the air pump 31 sucks air outside
the vehicle through the pipe 31a and compresses the air. The
compressed air 1s transterred by pressure to the cathode pas-
sage 12 through the pipe 315 or the like.

The humidifier 32 comprises a plurality of hollow fiber
membranes 32e having moisture permeability. Further, the
humidifier 32 humidifies the air flowing toward the cathode
passage 12 by using the cathode off-gas having the high
humidity discharged from the cathode passage 12, thereby to
humidity the air flowing toward the cathode passage 12.

The outlet of the cathode passage 1s connected to the pipe
32b, the humidifier 32, a pipe 334, the back-pressure valve 33
and a pipe 335. Then, the cathode off-gas (or oxidation oil-
gas ) discharged from the cathode passage 12 1s discharged to
the outside of the vehicle through the pipe 325 or the like.

Note the pipe 335 1s equipped with the diluter (not shown).

The back-pressure valve 33 1s composed of, for example, a
buttertly valve, and controls the air pressure in the cathode
passage 12 through regulated the opening thereof by the ECU
80. In detail, when the opening of the back-pressure valve 33
becomes small, the air pressure 1n the cathode passage 12
increases, resulting in the increase in the oxygen concentra-
tion per volume flow rate (or volume concentration). In con-
trast, when the opening of the back-pressure valve 33
becomes large, the air pressure 1n the cathode passage 12
decreases, resulting in the decline in the oxygen concentra-
tion per volume tlow rate (or volume concentration).

The pipe 335 downstream of the diluter 1s connected to the
pipe 31a through the pipe 34a, the circulation valve 34 and the
pipe 34b. This connection allows a part of the exhaust gas (or
cathode off-gas) to be supplied as a circulation gas to the pipe
31a through the pipe 34a and the pipe 345, and to be joined
with fresh air from the outside of the vehicle, thereby to be
sucked by the air pump 31. Note as described hereinbetore,
the high humidity of the cathode off-gas flowing as a circu-
lation gas allows the humidifier 32 to be downsized by joining
the cathode off-gas to the fresh air.

Accordingly, in the present embodiment, the junction pas-
sage that joins the cathode off-gas to the fresh air flowing
toward the cathode comprises the pipe 34a and the pipe 345.
Further, the junction passage 1s equipped with the circulation
valve 34.

The circulation valve 34 1s composed of, for example, a
buttertly valve, and controls the flow rate of the circulation
gas Hlowing toward the pipe 31a through the process that the
ECU 80 regulates the opening of the circulation valve 34.

The flow rate sensor 35 1s attached to the pipe 315 and
detects the air tlow rate (g/s) flowing toward the cathode
passage 12, thereby to output the data thus detected to the
ECU 80.

The flow rate sensor 36 1s attached to the pipe 345 and
detects the flow rate of the circulation gas (g/s) flowing
toward the pipe 314, thereby to output the data thus detected
to the ECU 80.

The thermo-sensor 37 is attached to the pipe 33aq and
detects the temperature of the cathode off-gas, thereby to
output the data thus detected to the ECU 80. Herein, the
temperature of the circulation gas 1s substantially equal to the
temperature of the cathode off-gas. Thus, the temperature of
the circulation gas may be detected based on the temperature
of the cathode ofi-gas detected by the thermo-sensor 37.
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Coolant System

The coolant system comprises a coolant pump 41, and a
radiator 42 (or heat sink).

The exhaust port of the coolant pump 41 1s connected to the
inlet port of the coolant pump 41 through the members 1n the
order of the pipe 414, the coolant passage 13, the pipe 424, the
radiator 42 and the pipe 42b. Then, when the coolant pump
starts the operation following the instructions of the ECU 80,
subsequently the coolant circulates between the coolant pas-

sage 13 and the radiator 42, thereby to appropriately cool the
tuel cell stack 10.

Electric Power Control System

Next, will be explained an electric power control system
referring to FIG. 2.

The electric power control system comprised a high volt-
age system which operates by the electric power at a high
voltage and a low voltage system which operates by the
clectric power at a low voltage (for example, 12V).

The high voltage system comprises the motor 51 (or motor/
generator), a PDU (Power Drive Unit) 52, a high voltage
battery (or electricity storage unit), an SOC sensor 34, a first
convertor 35 (or DC/DC convertor, voltage control unit), an
air conditioner 56 for a vehicle (or air conditioning system),
and a second convertor 37 (DC/DC convertor).

The motor 51 1s an electric motor for traveling, which 1s to
be a power source of a fuel cell vehicle. Further, the motor 51
functions as a generator (or dynamo) at the deceleration of a
tuel cell vehicle, to generate regenerative electric power. Fur-
thermore, the motor 51 1s connected to the output terminal of
the fuel cell stack 10.

The PDU 52 converts the direct current power supplied
from the fuel cell stack 10 and/or the high voltage battery into
three-phase altering current power, following the instructions
of the ECU 80, and supplies the converted power to the motor
51 as an inverter. Further, the PDU 52 supplies the regenera-
tive electric power from the motor 351 to the high voltage
battery 53.

The high voltage battery 53 1s connected to the portion
between the fuel cell stack 10 and the PDU 32 through the first
converter 55. That 1s, the first converter 55 1s arranged at the
side of the high voltage battery 53, when the first converter 55
1s viewed from the connecting point to which the fuel cell
stack 10, the motor 51 and the high voltage battery 53 are
connected.

The ligh voltage battery 53 charges excess electric power
generated by the fuel cell stack 10, or assists (or compensate)
lack of electric power of the fuel cell stack 10. Such a high
voltage battery 53 comprises, for example, a battery pack
including a plurality of single cells in a lithitum 10n secondary
battery type.

The SOC sensor 54 1s a sensor for detecting an SOC (State
Of Charge (%)) of the high voltage battery 53, and comprises
a voltage sensor and a current sensor. Herein, the SOC sensor
54 outputs the SOC of the high voltage battery 53 to the ECU
80.

The first convertor 35 1s controlled by the ECU 80, which
1s a DC/DC convertor capable of setting the output voltage
higher or lower. Further, the appropriate control over the
terminal voltage of the first converter 55; the terminal being at
the fuel cell stack 10 side, allows the generated electric power
(or actual current, actual voltage) of the fuel cell stack 10 to be
regulated.

The air pump 31, the coolant pump 41, the air conditioner
56 (or compressor for compressing the coolant), a second
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convertor 537 and the PDU 52 (or motor 51) are connected 1n
parallel with the fuel cell stack 10 and the high voltage battery
53.

Note the second convertor 57 converts high voltage power
from the fuel cell stack 10, the high voltage battery 53, and the
motor 51 into low voltage (12V) power following the mnstruc-
tion of the ECU 80, thereby to supply the converted power to
the low voltage system.

The low voltage system comprises a low voltage battery
61, the accessory 62 and the ECU 80. Further, the low voltage
battery 61 (or 12V battery), the accessory 62 and the ECU 80
are connected to the second convertor 37 1n parallel.

The low voltage battery 61 1s a power source of the acces-
sory 62 and the ECU 80. Further, the SOC (%) of the low
voltage battery 61 1s detected by an SOC sensor (not shown)
and the SOC 1s outputted to the ECU 80. Further, the low
voltage battery 61 appropriately stores electricity from the
second convertor 57.

The accessory 62 includes, for example, head lights or a
room light.

Next, returning to FIG. 1, the explanation of the embodi-
ment will be continuously described.

An1G 71 1s an activation switch of the fuel cell system 1 (or

tuel cell vehicle), and arranged around a driver’s sheet. Fur-
ther, the IG 71 outputs an ON/OFF signal thereot to the ECU

80.

An accelerator 72 1s a stepping pedal used by a driver to
accelerate the fuel cell vehicle, and arranged at the feet of the
driver’s seat. Further, the accelerator 72 outputs the accelera-
tor opening (or accelerator stepping amount) to the ECU 80.

ECU

The ECU 80 1s a control device for electronically control-
ling the fuel cell system 1, comprising a CPU, a ROM, a
RAM, various interfaces, and an electronic circuit or the like.
Herein, following the programs stored inside the ECU 80, the
ECU functions various types ol operations, to control various
types of devices such as the air pump 31, the back-pressure
valve 33 and the circulation valve 34 or the like.

ECU-Mode Switching/Operation Function

The ECU 80 has a function for switching a first mode of the
tuel cell system 1 and a second mode thereof based on the
target voltage and the switching voltage (0.8V) of the single
cell, thereby to operate the fuel cell system 1.

The first mode 1s an operational mode of having the actual
voltage outputted from the single cell correspond to the target
voltage, when the target voltage of the single cell 1s equal to or
less than the switching voltage.

The second mode 1s an operational mode of having the
actual voltage outputted from the single cell correspond to the
required voltage, by changing the amount of the air supply (or
oxygen concentration), along with maintaining the actual
voltage of the single cell at the switching voltage, when the
target voltage of the single cell 1s higher than the switching,
voltage.

ECU-Power Generation Stability Judgment Function

The ECU 80 (or power generation stability judgment unit)
has a function of judging the power generation stability,
which determines whether or not the power generation of the
tuel cell stack 10 1s performed stably.

More specifically, the ECU 80 1s configured to judge that
the power generation of the fuel cell stack 10 1s performed
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unstably, 11 the minimum cell voltage inputted from the cell
voltage monitor 14 1s lower than a voltage that 1s calculated by
subtracting the predetermined voltage from the average cell
voltage (that 1s, “minimum cell voltage”<*average cell volt-
age—predetermined voltage™). Note the predetermined volt-
age 1s approprately set according to the pre-trial tests or the

like.

Operation of Fuel Cell System

Next, the operation of the fuel cell system 1 will be
explained, referring to FIGS. 6 to 17.

Basic Operation

Referring to FIG. 6, basic operation of the fuel cell system
1 will be explained.

In the step S101, the ECU 80 judges whether or not the
IG71 1s turned on.

When the ECU 80 judges that the 1G 71 1s turned on (or
S101=Yes), the process of the ECU 80 proceeds to the step
S5102. On the other hand, when the ECU 80 judges that the IG
71 1s not turned on (or S101=No), the ECU 80 repeatedly
judges the step S101.

In the step S102, the ECU 80 executes a power generation
start process of the fuel cell stack 10.

More specifically, the ECU 80 opens a shut-oil valve (not
shown) equipped with the pipe 21a to supply hydrogen to the
anode passage 11, and also supplies air to the cathode passage
12 activating the air pump 31. Further, the ECU 80 activates
the coolant pump 41 thereby to circulate the coolant.

In the step S200, the ECU 80 executes a system load
calculation process for calculating the system load (or esti-
mated power consumed by system) required by the whole
system load such as the motor 31 and the accessory 62. More
specific examples will be explained hereinatter.

In the step S300, the ECU 80 executes an energy manage-
ment process ol the whole fuel cell system 1 and a power
generation control process of the tuel cell stack 10. More
specific examples will be explained heremafter.

In the step S400, the ECU 80 executes a motor torque
control process for controlling the output torque of the motor
51. More specific examples will be explained hereinatter.

In the step S103, the ECU 80 judges whether or not the
IG71 1s turned off. If the ECU 80 judges that the IG 71 1s
turned off (or S103=Yes), the process of the ECU 80 proceeds
to the step S104. On the other hand, 11 the ECU 80 judges that
the IG 71 1s not turned off (or S103=No), the process of the
ECU 80 proceeds to the step S200.

In the step S104, the ECU 80 executes a power generation
StOp process.

More specifically, the ECU 80 closes the shut-oif valve
(not shown) equipped with the pipe 21a to shut-oif the hydro-
gen flow, and stops the air pump 31 and the coolant pump 41,
thereby to stop the power generation of the fuel cell stack 10.

After that, the process of the ECU 80 proceeds to the step
S101.

[

System Load Calculation Process

Next, referring to FI1G. 7, a system load calculation process

S200 will be explained.

In the step S201, the ECU 80 reads in the present opening,
of the accelerator of 72 (or accelerator opening degree).

In the step S202, the ECU 80 calculates the estimated
power consumed by the motor 51 from now on, based on the
present rotation number (rpm, or rotation speed) of the motor
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51, the degree of the acceleration or deceleration of a fuel cell
vehicle, and the map data in FIG. 10. Herein, the map i FIG.
10 1s created by pre-trial tests or simulations, and stored in the
ECU 80 beforehand. The degree of acceleration or decelera-
tion 1s calculated based on the accelerator opening (or varia-
tion thereol), and the change 1n the speed of the fuel cell
vehicle, detected by a vehicle speed sensor (not shown). The
present rotation number of the motor 51 1s detected by a
rotation number sensor (not shown) or the like attached to the
output shait of the motor 31.

Herein, in FI1G. 10, when the estimated power consumption
by the motor 1s “plus™, this shows that the motor 51 1s esti-
mated to consume the electric power, while when the esti-
mated power consumption by the motor 1s “minus”, this indi-
cates that the motor 31 1s to generate regenerative electric
power.

As shown 1n FIG. 10, when the fuel cell vehicle 1s accel-
crating, the more the present rotation number of the motor 51
increases, or the larger the degree of the deceleration 1s, the
larger the estimated power consumption by the motor
becomes to the plus side.

In contrast, when the vehicle 1s decelerating, the more the
present rotation number of the motor 51 decreases and the
more the deceleration degree increases, the larger the esti-
mated power consumption by the motor becomes toward the
minus side (that 1s, the regenerative electric power becomes
larger).

In the step S203, the ECU 80 calculates the estimated
power consumed by the auxiliary machinery after that.

Here, the auxiliary machinery 1s categorized into two
types: the auxiliary machinery of the high voltage system
such as the air pump 31, the coolant pump 41 and the air
conditioner 56, and the auxiliary machinery of the low volt-
age system such as the low voltage battery 61 and the acces-
sory 62 (see FIG. 2). Therefore, the estimated power con-
sumed by the auxiliary machinery is calculated by adding the
estimated power consumed by the auxiliary machinery in the
high voltage system and the estimated power consumed by
the auxiliary machinery in the low voltage system (see the
equation (5) as shown below).

“Estimated Power Consumed By Auxiliary
Machinery”="Estimated Power Consumed By
Auxiliary Machinery In High Voltage System™+
“Estimated Power Consumed By Auxiliary

Machinery In Low Voltage System”™ (5)

Here, the electric power consumed 1n the previous step
S306 (see FIG. 8) 1s used as the estimated power consumed by
the air pump 31.

Further, the estimated electric power consumed 1n the pre-
vious step S306 (see FIG. 8) 15 used as the estimated power
consumed by the coolant pump 41.

Moreover, the estimated power consumed by the air con-
ditioner 56 1s calculated based on the data (for example, air
flow=large, medium, or low or the like) of an operational
panel (not shown) that operates the air conditioner 56.

The estimated power consumed by the low voltage battery
61 1s calculated based on the present SOC transmitted from
the SOC sensor attached to the low voltage battery 61. For
example, 1f the present SOC 1s smaller than the target SOC,
the estimated power consumed by the low voltage battery 61
1s calculated as a value at the plus side corresponding to the
charging side.

The estimated power consumed by the accessory 62 1s

calculated based on an operational state of the accessory 62
(for example, ON/OFF state of the head lights or the like).
In the step S204, the ECU 80 calculates the whole esti-

mated power consumed by the fuel cell system 1 (or estimated
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power consumed by system, required electric power) after
that. The estimated power consumed by the system 1s calcu-
lated by adding the estimated power consumed by the motor
calculated 1n the step S202 and the estimated power con-
sumed by the auxiliary machinery calculated 1n the step S203
(see the equation (6) as shown below).

“Estimated power consumed by System”="Estimated
Power Consumed By Motor”+“Estimated Power

Consumed By Auxiliary Machinery” (6)

Then, the process of the ECU 80 proceeds to the step S300
in FIG. 6 through the step of “END”.

Energy Management Process/Power Generation
Control Process of Fuel Cell Stack S300

Next, referring to FIG. 8, the energy management process/
the power generation control process of the fuel cell stack 10
S300 will be explained.

Note 1n the imitiation state, the opening of the circulation
valve 34 1s substantially 0° (1ull closed state) and the tflow rate
(g/s) of the circulation gas 1s substantially O.

In the step S301, the ECU 80 calculates target electric
power (or required electric power) which should be outputted
by the fuel cell stack 10. The target electric power 1s calcu-
lated by multiplying the estimated consumption power of the
system calculated 1n the step S204 by the charge/discharge
coellicient of the battery 53 (see the equation (7) as describe
below).

“Target Electric Power”="Estimated Consumption
Power OF System™x“Charge/Discharge Coefli-
cient”

(7)

The charge/discharge coelficient of the battery 53 1s calcu-
lated based on the present SOC inputted from the SOC sensor
54 and the map data shown 1n FIG. 11. Herein, the map data
in FIG. 11 1s created by pre-trial tests or the like, and stored 1n
the ECU 80 beforechand. Here, a case 1s shown as an example
that the target SOC (or target storage volume) of the battery
53 15 50(%). However, this 1s not limited to the example and
various cases may be performed.

As shown in FIG. 11, in the region where the SOC 1s
smaller than 50(%), the electric power generation of the fuel
cell stack 10 becomes excess, and thereby the charge/dis-
charge coellicient tends to become larger than the value o1 “1”
such that the excess electric power 1s stored 1n the high volt-
age battery 53.

In contrast, in the region where the SOC 1s larger than
50(%), the electric power generation of the fuel cell stack 10
becomes deficient, and thereby the charge/discharge coetii-
cient tends to become smaller than the value of “1” such that
the deficient electric power 1s compensated by discharging
the high voltage battery 33.

In the step S302, the ECU 80 judges whether or not the
target electric power calculated 1n the step S301 1s equal to or
less than the predetermined power.

The predetermined power 1s a fixed value calculated by
multiplying the following three values: “the cell voltage
judged that the catalyst 1s not damaged (or 0.8V, switching
voltage, predetermined voltage)”, “the number of the single
cells composing the fuel cell stack 10, and “the current value
in the case that the cell voltage 1s set at 0.8V 1n the normal IV
characteristics (or IV curve, see FIG. 15) of the fuel cell stack
10" (see the equation (8) as described below).

“Predetermined Power”="0.8V (or Switching Voltage,
Predetermined Voltage)”x*“Number of Single
Cells”x“Current Value of Normal IV Characteris-
tics™ 8)
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In the step S302, if the ECU 80 judges that the target
clectric power 1s equal to or less than the predetermined
clectric power (S302=Yes), the process of the ECU 80 pro-
ceeds to the step S303. In contrast, if the ECU 80 judges that
the target electric power 1s more than the predetermined elec-
tric power (5S302=No), the process of the ECU 80 proceeds to
the step S350.

Note, 1n the present embodiment, 1f the ECU 80 judges that
the target electric power 1s equal to or less than the predeter-
mined electric power (or the power consuming load being at
a lower side), it follows that the target voltage of the single
cell 1s more than the switching voltage (0.8V), and then the
second mode will be executed.

On the other hand, 1f the ECU 80 judges that the target
clectric power 1s more than the predetermined electric power,
it follows that the target voltage of the single cell 1s equal to or
less than the switching voltage (0.8V), and then the first mode
will be executed.

Second Mode

In the step S303, the ECU 80 sets the target voltage of the
whole fuel cell stack 10 (or stack target voltage) to a prede-
termined value. The predetermined value 1s calculated by
multiplying the “the cell voltage (or 0.8V) judged as the value
that the catalyst 1s not damaged” by “the number of the single
cells composing the tuel cell stack 10” (see the equation (9) as
shown below.

“Predetermined Value”="0.8V (or Switching Voltage,

Predetermined Voltage)’x*“Number of Single

Cells™ (9)

Then, the ECU 80 controls the first converter 55 such that
the target voltage of the whole fuel cell stack 10 1s set (or kept)
to the predetermined value. More specifically, the voltage of
the first converter 55 at the side of the fuel cell stack 10 1s set
to the predetermined value.

This allows the actual voltage of the single cell to be equal
to or lower than the cell voltage judged that the catalyst 1s not
damaged (or 0.8V). Therefore, theses advantages prevent the
oxidation and the reduction reactions of the catalyst from
being frequently repeated 1n the same period (see FIG. 3),
resulting 1n the difficulty in the deterioration (or elution) of
the catalyst (see FIG. 4).

In the step S304, the ECU 80 calculates a target current
which corresponds to the target power calculated 1n the step
S301. Herein, the target current 1s calculated by dividing the
target electric power calculated 1n the step S301 by the stack
target voltage (or predetermined value) calculated in the step
S303 (see the equation shown below). This allows the target
current to correspond to the target electric power.

Here, the fuel cell stack 10 1s configured by connecting a
plurality of the single cells in series. Hereby, the target current
becomes equal to the current passing through the whole fuel
cell stack 10 (or stack current), and to the current passing
through each single cell.

“Target Current”="Target Electric Power”/*Predeter-

mined Value” (10)

In the step S305, the ECU 80 calculates the target oxygen
concentration (or oxygen concentration per unit volume flow
rate) of air circulating 1n the cathode passage 12, based on the

target current calculated 1n the step S304 and the map data in
FIG. 12.

Note the map in FI1G. 12 1s created by pre-trial tests or the
like, and stored in the ECU 80 beforehand. Further, as shown
in FIG. 12, there 1s a relationship between the target current
and the target oxygen concentration that the smaller the target
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current 1s, the lower the target oxygen concentration 1s. This
relationship allows the target oxygen concentration to corre-
spond to the target current (or target electric power).

In the step S306, the ECU 80 respectively calculates the
target rotation number of the air pump 31, the target rotation
number of the coolant pump 41, and the target opening of the
back-pressure valve 33 based on the target oxygen concen-
tration (or target current) calculated 1n the step S3035 and the
map data in FIGS. 13 and 14.

Note the maps 1 FIGS. 13 and 14 are created 1n the pre-
trial tests or the like, and the data thereof are stored in the ECU
80 beforehand. Further, the lower the target oxygen concen-
tration 1s, the fewer the rotation number of the air pump 31
and the rotation number of the coolant pump 41 become,
while the larger the target opening of the back-pressure valve
33 1s.

Then, the ECU 80 controls the air pump 31 and the coolant
pump 41 such that each rotation number becomes the target
rotation number calculated as mentioned betore. Further, the
ECU 80 has the back-pressure valve 33 opened to the target
opening. These operations allow the supply amount of the
coolant to the fuel cell stack 10 to correspond to the target
oxygen concentration (or target current, target electric
poOwer).

Then, as shown i FIG. 15, along with fixing the cell
voltage of the single cell at 0.8V, the cell current (or the
current of the fuel cell stack 10) changes 1n accordance with
the target oxygen concentration. Hereby, the actual voltage
outputted from the fuel cell stack 10 turns to be the target
clectric power calculated 1n the step S301.

In other words, although the voltage o the fuel cell stack 10
1s more or less fixed at the predetermined value, the actual
current ol the fuel cell stack 10 1s changed, whereby the actual
clectric power of the fuel cell stack 10 may correspond to the
target electric power calculated in the step S301.

Note after the ECU 80 has controlled the units as men-
tioned above, the ECU 80 detects a flow rate (g/s) of air
circulating in the cathode passage 12 via the tlow rate sensor
35, and a pressure of air circulating 1n the cathode passage 12
via the pressure sensor (not shown). Then, preferably, the
ECU 80 feed-back controls the rotation number of the air
pump 31, the rotation number of the coolant pump 41, and the
opening of the back-pressure valve 33, based on the detected
flow rate and pressure.

In the step S307, the ECU 80 judges whether or not the
clectric power generation by the fuel cell stack 10 1s stably
performed.

If the ECU 80 judges that the electric power generation by
the fuel cell stack 10 1s stably performed (that 1s, S307=Yes),
the process of the ECU 80 proceeds to the step S400 shown in
FIG. 6, through the step of “END”. In contrast, 11 the ECU 80
judges that the electric power generation by the fuel cell stack
10 1s not stably (or unstably) performed (that 1s, S307=No),
the process of the ECU 80 proceeds to the step S308.

In the step S308, the ECU 80 increases the tlow rate of the
circulation gas by one level through widening the opening of
the circulation valve 34, while monitoring the flow rate (g/s)
of the circulation gas via the flow rate sensor 36 (see FIG. 16).

Note the icreased amount of the circulation gas at each
level 1s approprately set. As shown 1n FIG. 16, when the
circulation valve 34 1s fully opened, the flow rate of the
circulation gas increases up to the fourth level, showing an
exemplary case of the maximum flow rate thereof.

Then, a rate ol amounts of the circulation gas to amounts of
the intake gas sucked by the air pump 31 is increased. That 1s,
the rate between the fresh air (or air sucked from the outside
of avehicle) and the circulation gas, changes such that the rate
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of the circulation gas 1s increased, with respect to the sucked
intake gas. Herein, the oxygen concentration of the circula-
tion gas (or cathode off-gas) 1s lower than the oxygen con-
centration of the fresh air. Hereby, 1f the rotation number of
the air pump 31 and the opening of the back-pressure valve 33
are the same before/after the circulation valve 34 controls the
flow rate of the circulation gas, the oxygen concentration of
the circulating gas 1n the cathode passage 12 may turn to be
lowered.

Therefore, preferably, the rotation number of the air pump
31 1s increased, and/or the opening of the back-pressure valve
33 1s decreased along with the increase 1n the tlow rate of the
circulation gas, so as to keep the target oxygen concentration
calculated 1n the step S30S, before/atter the flow rate control
ol the circulation gas 1n the step S308.

That 1s, for example, if the tlow rate of the circulation gas
1s 1ncreased, preferably the flow rate of the fresh air 15 also
increased by increasing the rotation number of the air pump
31. Then, the above mentioned procedure may facilitate the
total flow rate of the gas (or mixed gas of fresh air and
circulation gas) flowing toward the cathode passage 12 to be
increased, and the oxygen distribution capacity to all the
single cells to be improved, thereby to easily recover the
power generation performance of the fuel cell stack 10.

As mentioned hereinbefore, the circulation gas 1s joined to
the fresh air along with keeping the target oxygen concentra-
tion, to 1ncrease the volume flow rate (L/s) of the gas circu-
lating 1n the cathode passage 12. This facilitates the gas of
which volume flow rate 1s increased along with keeping the
target oxygen concentration, to be easily spread all over the
cathode passage 112 that 1s complicatedly formed 1n the fuel
cell stack 10. Accordingly, the joined gas 1s easily supplied
similarly to each single cell, thereby tending to easily resolve
the unstable electric power generation of the fuel cell stack
10. Further, water drops (or condensed water or the like)
adhering to a surface of the MEA and a wall surrounding the
cathode passage 12 tends to be easily removed.

In the step S309, the ECU 80 judges whether or not the tlow
rate of the circulation gas detected through the flow rate
sensor 36 1s equal to or more than the upper limit value. The
upper limit value to be an acceptance criterion 1s set to the
value that the opening of the circulation valve 34 becomes
tully opened.

In such a case, even 11 the opening of the circulation valve
34 1s constant, when the rotation number of the air pump 31
increases, the flow rate of the circulation gas detected by the
flow rate sensor 36 1s increased. Accordingly, preferably the
upper limit value 1s set associated with the rotation number of
the air pump 31 such that the upper limit value becomes larger
as the rotation number of the air pump 31 increases.

Here, when the ECU judges that the tlow rate of the circu-
lation gas 1s equal to or more than the upper limit value
(S309=Yes), the process of the ECU 80 proceeds to a step
S5310. In contrast, when the ECU judges that the flow rate of
the circulation gas 1s less than the upper limit value
(S309=No), the process of the ECU 80 proceeds to a step
S307.

Herein, 1n the steps S308 and S309, the process of the ECU
80 1s conducted based on the flow rate of the circulation gas.
Alternatively, the process of the ECU 80 may be conducted
based onthe opening of the circulation valve 34. That1s, in the
step S308, the opening of the circulation valve 34 may be set
such that the opening of the circulation valve 34 1s increased
in one level (Tor example, 30°) in the open direction. Then, 1n

the step S309, if the circulation valve 1s fully opened
(S309=Yes), the process of the ECU 80 may proceed to the

step 5310.
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Further, in such a case, the flow rate (g/s) may be calculated
based on the opening of the circulation valve 34, the tempera-
ture of the circulation gas, and the map data in FIG. 17. As
shown 1n FIG. 17, the higher the temperature of the circula-
tion gas becomes, the smaller the density thereol becomes,
and the less tlow rate thereof (g/s) becomes.

Returning to FIG. 8, the explanation of the embodiment
will be continued.

In the step S310, the ECU 80 judges whether or not the
clectric power generation of the fuel cell stack 10 1s stably
performed, similarly to the step S307.

If the ECU 80 judges that the electric power generation of

the fuel cell stack 10 1s performed stably (S310=Yes), the
process of the ECU 80 proceeds to a step S400 shown 1n FIG.
6 through the step of “END”. In contrast, if the ECU 80 judges
that the electric power generation of the fuel cell stack 10 1s
performed unstably (5310=No), the process of the ECU 80

proceeds to the step S311.

In the step S311, the ECU80 increases the target oxygen
concentration calculated in the step S305 by one level, and
executes the increase in the rotation number of the air pump
31, and/or the decrease 1n the opening of the back-pressure
valve 33. Herein, the opening degree increased in the one
level of the target oxygen concentration may be appropriately
set based on the results of the pre-trial tests or the like.

In the step S312, the ECU 80 judges whether or not the
present oxygen concentration (or increased target oxygen
concentration in the step S311) 1s equal to or less than the
target oxygen concentration in the normal IV characteristics.
Herein, the target oxygen concentration in the normal IV
characteristics means an oxygen concentration correspond-
ing to the target current in the case that the cell voltage 1s set
to 0.8V, with respect to the IV characteristics (or IV curve) of
the fuel cell stack 10 normally generating electric power by
being supplied with the abundant amounts of hydrogen and
air (or oxygen) in just proportions (see FIG. 15).

If the ECU 80 judges that the present oxygen concentration
1s equal to or less than the target oxygen concentration in the
normal IV charactenistics (S312=Yes), the process of the
ECU 80 proceeds to the step 310. In contrast, 1f the ECU 8
judges that the present oxygen concentration 1s more than the
target oxygen concentration in the normal IV characteristics
(S312=No), the process of the ECU 80 proceeds to the step
313.

In the step S313, the ECU 80 stops the fuel cell system 1.
That1s, the ECU 80 stops the supply ofhydrogen and air to the
tuel cell stack 10, thereby to stop the electric power genera-
tion of the fuel cell stack 10. Then, preferably the ECU 80
turns on (or activates) an alarm lamp (or communication
unit), thereby to notity to the operator that the fuel cell stack
10 1s anomalous. Moreover, preferably the ECU 80 supplies
the electric power to the motor 51 (or PDU 52) from the high
voltage battery 53, so as to have the fuel cell vehicle go on
travelling.

Normal Control

Next, will be explained a step 350 to which the process of
the ECU 80 proceeds, when the judgment in the step 302 1s
“No”.

In the step S350, the ECU 80 normally has the fuel cell
system 1 normally generate electric power by the fuel cell
stack 10 following the normal IV characteristics. That 1s, the
ECU 80 changes the actual current and the actual voltage of
the fuel cell stack 10 such that the target electric power cal-
culated 1n the step S301 1s outputted, while supplying abun-
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dant amounts of hydrogen and air to the fuel cell stack 10 1n
just proportions (see FIG. 15).

Then, the process of the ECU 80 proceeds to the step S400
in FIG. 6 through the process of “END”.

Motor Torque Control

Next, the motor torque control process S400 will be
explained, referring to FIG. 9.

In the step S401, the ECU 80 calculates a power source
supplying limitation output (W). The power source supplying
limitation output 1s obtained by subtracting “the electric
power consumed by the auxiliary machinery” from the value
calculated by adding “the present output (actual electric
power) of the fuel cell stack 107" and ““the limitation output of

the high voltage battery 53” (referred to the equation (11)).

“Power Source Supplying Limitation Output”="“FC
Stack Output”+“High Voltage Battery Limitation
Output”-“Electric Power Consumed by Auxil-

1ary Machinery” (11)

The limitation output of the high voltage battery 53 1s a
fixed value determined based on the specification thereotf (or
rated value or the like). Herein, the value calculated 1n the step
5203 15 applied to the electric power consumed by the auxil-
1ary machinery.

In the step S402, the ECU 80 calculates a torque limitation
value of the motor 51. The torque limitation value 1s calcu-
lated by dividing “the power source supplying limitation out-
put” by “present vehicle speed of the fuel cell vehicle (re-
terred to the equation (12)). Note the speed of the fuel cell

vehicle 1s detected by a vehicle speed sensor (not shown).

“Torque Limitation Value”="Power Source Supplying
Limitation Output”/*“Vehicle Speed”

In the step S403, the ECU 80 calculates final target torque
of the motor 51.

More specifically, the ECU 80 calculates target torque by
map searching based on the accelerator opening or the like,
and restricts the target torque to the torque limitation value
calculated 1n the step S402, thereby to calculate the final
target torque.

Then, the ECU 80 controls the PDU 52 such that the final
target torque 1s generated by the motor 51.

After that, the process of the ECU 80 proceeds to the step
5103 shown 1n FIG. 6 through the step of “END”.

(12)

Effect of Fuel Cell System

Accordmg to the aforementioned fuel cell system 1, the
tollowing etlects will be obtained.

If the target electric power 1s more than the predetermined
clectric power (S302=No), that 1s, 11 the target voltage of the
single cell 1s less than the switching voltage (0.8V), the fuel
cell stack 1s operated 1n the first mode, and the actual electric
power ol the fuel cell stack 10 corresponds to the target
clectric power (S350). This allows the fuel cell stack 10 to
prevent the generated power from being larger or smaller than
the demanded power. Accordingly, the frequency of the
charge/discharge process in the high voltage battery 53
becomes fewer, resulting 1n the decrease 1n the electric energy
loss.

In contrast, 1f the target electric power 1s equal to or less
than the predetermined electric power (S302=Yes), that 1s, 1T
the target voltage of the single cell 1s more than the switching,
voltage (0.8V), the actual voltage of the tuel cell stack 1s fixed
at the predetermined value (5303 ), that 1s the actual voltage of
the single cell 1s fixed at the switching voltage (0.8V). This
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allows the elution or the like of the catalyst to be suppressed,
the deterioration of the fuel cell stack 10 to be suppressed, and
the durability of the fuel cell stack 10 to be improved.

Further, the modification of the actual current of the fuel
cell stack 10 (S304, S305, and S306) enables the actual elec-
tric power of the tuel cell stack 10 to correspond to the target
clectric power, by changing the oxygen concentration
through controlling the air pump 31 or the like to change the
IV characteristics of the fuel cell stack 10. This allows the
frequency of the charge/discharge process 1n the high voltage
battery 53 to be decreased, thereby to decrease the electric
energy loss.

The calculation of the target electric power based on the
target SOC (50%) of the battery 33 (S301) enables the fre-
quency of the charge/discharge process 1n the high voltage
battery 33 to be decreased, thereby to preferably maintain the
SOC of the high voltage battery 53.

If the electric power generation by the fuel cell stack 10 1s
unstable (S307=No), the circulation gas 1s made to increase
(S308), which facilitates the electric power generation of the
tuel cell stack 10 to be performed stably.

Operational Example of Fuel Cell System

Next, an operational example of the fuel cell system 1 will
be explained referring to FIG. 18.

As shown 1n FI1G. 18, 1f the system consumption power (or
target electric power) 1s equal to or less than the predeter-
mined power (S302=Yes) and the fuel cell system 1 1s oper-
ated 1n the first mode, the fuel stack current (or actual current)
corresponds to the system consumption power, and the actual
clectric power of the fuel cell stack 10 also corresponds to the
system consumption power, even though the actual voltage of
the fuel cell stack 10 (or single cell) 1s constant (S303).
Further, the electric power consumed by the air pump 31 and
the coolant pump 41 corresponds to the system consumption
POWEL.

Moreover, when the system consumption power increases,
the high voltage battery 53 1s discharged, thereby to decrease
the SOC thereof. In contrast, when the system Consumptlon
power decreases, the high voltage battery 53 1s charged,
thereby to increase the SOC thereof.

Modification Example

As mentioned hereinbefore, the embodiment of the present
invention has been explained. However, the present invention
1s not limited to the embodiment, and for example, the fol-
lowing modifications may be performed.

According to the aforementioned embodiment, as shown 1n
FIG. 2, the construction 1s exemplarily shown, in which the
first convertor 55 1s arranged at the high voltage battery side
53, when the construction 1s viewed from the junction point of
the fuel cell stack 10, the motor 51, and the high voltage
battery 53. However, 1n other embodiments, the constructions
in FIGS. 19A to 19C may be applied.

That1s, as shown 1n FIG. 19 A, the first convertor 35 may be
arranged at the side of the fuel cell stack 10, when the con-
struction 1s viewed from the junction point.

Further, as shown 1n FI1G. 19B, the first convertors 35 may
be arranged at the side of the fuel cell stack 10 and at the side
of the high voltage battery 33, respectively, when the con-
struction 1s viewed from the junction point.

Alternatively, as shown 1n FIG. 19C, the tuel cell stack 10
and the high voltage battery 533 may be connected 1n series,
and the first convertor 35 may be arranged between the high
voltage battery 53 and the motor 51.
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In the atorementioned embodiment, the construction hav-
ing the air pump 31 that supplies air containing oxygen to the
tuel cell stack 10 has been exemplarily shown. However, the
construction having a hydrogen pump that supplies hydrogen
to the fuel cell stack 10 may be desirable, with replacing the
air pump 31 by or further adding the hydrogen pump to the
construction.

According to the atorementioned embodiment, 1n the cath-
ode system, the construction including the junction passage
(or pipes 34a and 34b) that joins the cathode off-gas to fresh
air, and the circulation valve 34 has been exemplarily shown.
However, with replacing by or added to the above mentioned
construction 1n the cathode system, the anode system may be
similarly configured to the cathode system. For example, a
circulation valve (or off-gas flow rate control unit, gas supply
unit) may be provided with the pipe 235, and the flow rate of
the anode off-gas joined to fresh hydrogen may be controlled
by the circulation valve.

According to the aforementioned embodiment, the con-
struction 1 which the predetermined voltage 1s set at 0.8V
equal to or less than the voltage range where the oxidation-
reduction reaction proceeds (that 1s, 0.8V-0.9V). However,
the predetermined voltage may be out of the voltage range
where the oxidation-reduction reaction proceeds. More spe-
cifically, in another construction, the predetermined voltage
may be equal to or more than the voltage range where the
oxidation-reduction reaction proceeds. Thus, the predeter-
mined voltage may be 0.9V or more 1n such a construction.

In the atorementioned embodiment, the example that the
tuel cell system 1 1s mounted on the fuel cell vehicle has been
explained. However, various constructional examples of
other moving bodies such as a motorcycle, a train and a ship
or the like may be included. Further, the present invention
may be applied to a stationary fuel cell system for home use,
or a fuel cell system 1ntegrated in a hot water supply system.

What 1s claimed 1s:

1. A fuel cell system comprising:

a fuel cell comprising a catalyst and generating electric
power by promoting a reaction ol hydrogen or oxygen
by the catalyst;

a gas supply unit for supplying at least either of oxygen and
hydrogen to the fuel cell;

a coolant supply unit for supplying a coolant to the fuel
cell;

a voltage control unit for controlling a voltage outputted
from the fuel cell;

a power consuming load driven by the electric power out-
putted from the fuel cell; and

a control unit for controlling the gas supply unit, the cool-
ant supply unit and the voltage control unit, wherein

the control unit 1s configured to control the gas supply unit
and the voltage control unit, based on a target voltage of
the fuel cell calculated on the basis of required electric
power and a switching voltage equal to or less than a
voltage range where an oxidation-reduction reaction of
the catalyst proceeds;

the control unit executes a first mode of controlling the
voltage control unit such that an actual voltage of the
fuel cell corresponds to the target voltage, 11 the target
voltage 1s equal to or less than the switching voltage; and

the control unit executes a second mode of having actual
clectric power outputted from the fuel cell correspond to
the required electric power by controlling the voltage
control unit such that the actual voltage of the tuel cell 1s
kept at the switching voltage, along with changing an
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actual current of the fuel cell through changing at least
cither of oxygen and hydrogen concentrations through
controlling the gas supply unit to modify IV character-
1stics of the fuel cell, if the target voltage 1s more than the
switching voltage.

2. The fuel cell system as described 1n claim 1, wherein the
switching voltage 1s set based on the IV characteristics of the
tuel cell which normally generates electric power by circula-
tion of abundant reaction gases.

3. The fuel cell system as described 1n claim 1, further
comprising an electricity storage umt for storing electricity
generated by the fuel cell.

4. The fuel cell system as described 1n claim 3, wherein the
control unit calculates the required electric power based on
clectricity storage volume stored in the electricity storage
unit, such that the electricity storage unit stores target elec-
tricity storage volume.

5. The tuel cell system as described 1n claim 1, wherein

the control unit fixes the actual voltage of the fuel cell atthe

predetermined voltage, and controls the coolant supply
unit such that a supply amount of the coolant to the tuel
cell corresponds to the required electric power, while the
control unit has at least either of the oxygen and hydro-
gen concentrations correspond to the required electric
power demanded by the power consuming load.

6. The fuel cell system as described 1n claim 1, further
comprising a power generation stability judgment unit for
tudging whether or not the fuel cell stably generates electric
power, wherein

the control unit controls the gas supply unit such that at

least either of the oxygen and hydrogen concentrations
increases, 11 the power generation stability judgment
unit judges that the fuel cell does not stably generate the
clectric power.

7. The fuel cell system as described 1n claim 6, turther
comprising a junction passage for joining an off-gas of at least
either of the oxygen and hydrogen, discharged from the fuel
cell, to at least either of the oxygen and the hydrogen flowing
toward the fuel cell, wherein

the gas supply unit includes an off-gas tlow rate control unit

for controlling a flow rate of the off-gas to be joined; the
oif-gas tlow rate control unit being arranged at the junc-
tion passage; and

the ofl-gas flow rate control unit increases the flow rate of

the off-gas, 11 the power generation stability judgment
unit judges that the fuel cell does not stably generate the
clectric power.

8. The fuel cell system as described 1n claim 7, wherein

the control unit controls the gas supply unit such that at

least either of concentrations of fresh oxygen and hydro-
gen introduced from the outside increases, after the ofl-
gas tlow rate control unit increases the flow rate of the
off-gas, 1f the power generation stability judgment unit
judges that the fuel cell does not stably generate the
clectric power.

9. The fuel cell system as described 1n claim 1, wherein the
gas supply unit comprises an air pump lfor supplying air
containing oxygen to the fuel cell.

10. The fuel cell system as described 1n claim 1, wherein
the gas supply unit comprises a hydrogen pump for supplying
hydrogen to the fuel cell.

11. The fuel cell system as described 1n claim 1, wherein
the power consuming load comprises a motor for driving a
vehicle, and 1s mounted on the vehicle.
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